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Factors Influencing Fixed Orthodontic TreatmentOutcomes in a University Dental
Clinic
Abstract
Objective: To assess the orthodontic treatment outcomes in a university dental clinic and to determine
factors associated with the treatment outcomes. Methods and materials: Firstly, the records of all
patients who have completed fixed orthodontic treatment from 2012 to 2017 were identified and included
in the study. Age at start of treatment, gender, decayed, missing filled teeth (DMFT), malocclusion
classification, type of appliance used and type of treatment (extraction or non-extraction) were recorded.
The pre-treatment and post-treatment study models were assessed by the Peer Assessment Rating (PAR)
Index. The treatment outcomes were tabulated in a nomogram to show the proportions of subjects in
different categories: “worse or no dif ference”, “improved” and “greatly improved”. Mann-Whitney U-test
was used to determine any significant associations between the recorded factors and treatment
outcomes. Results: The fixed orthodontic treatment reduced the mean PAR by 28.6 points, or 84.1%. All
cases showed improvement, 69.8% of the cases were greatly improved. Males and extraction cases were
significantly linked with higher pre-treatment PAR scores. The use of self-ligating appliances was shown
to be significantly associated with better treatment outcomes. Conclusion: Based on the general
classification criteria of the index, the results showed that the patients received a high standard of
treatment. None of the factors studied was significantly associated with the treatment outcomes, except
for the use of self-ligating appliances.
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Factors Influencing Fixed Orthodontic Treatment
Outcomes in a University Dental Clinic
Zhan Yan Fong, Sneha Ravindranath, Allan Pau

School of Dentistry, International Medical University, Malaysia

Objective: To assess the orthodontic treatment outcomes in a university dental clinic and to determine
factors associated with the treatment outcomes.
Methods and materials: Firstly, the records of all patients who have completed fixed orthodontic
treatment from 2012 to 2017 were identified and included in the study. Age at start of treatment,
gender, decayed, missing filled teeth (DMFT), malocclusion classification, type of appliance used
and type of treatment (extraction or non-extraction) were recorded. The pre-treatment and posttreatment study models were assessed by the Peer Assessment Rating (PAR) Index. The treatment
outcomes were tabulated in a nomogram to show the proportions of subjects in different categories:
“worse or no dif ference”, “improved” and “greatly improved”. Mann-Whitney U-test was used
to determine any significant associations between the recorded factors and treatment outcomes.
Results: The fixed orthodontic treatment reduced the mean PAR by 28.6 points, or 84.1%. All cases
showed improvement, 69.8% of the cases were greatly improved. Males and extraction cases were significantly
linked with higher pre-treatment PAR scores. The use of self-ligating appliances was shown to be significantly
associated with better treatment outcomes.
Conclusion: Based on the general classification criteria of the index, the results showed that the patients
received a high standard of treatment. None of the factors studied was significantly associated with the
treatment outcomes, except for the use of self-ligating appliances. (Taiwanese Journal of Orthodontics.

31(4): 196-206, 2019)
Keywords: treatment outcomes; Peer Assessment Rating (PAR); treatment outcome.
deviation from an ideal occlusion and alignment. It was

INTRODUCTION

proven to be an objective and valid index in evaluating the
1,2

The assessment of treatment outcomes enables

orthodontic treatment outcomes. A comparison between

orthodontic practitioners to evaluate the results of

the post-treatment PAR score and the pre-treatment PAR

orthodontic treatments. The Peer Assessment Rating

score allows the assessment of the treatment outcomes

(PAR) is an index that was developed to measure the

by identifying the degrees of improvement following an
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orthodontic treatment. The PAR index offers good intra-

of removable appliances, patients with incomplete

and inter-examiner reliability by giving standardization of

orthodontic records, patients with previously reported

application criteria in assessing the orthodontic treatment

orthodontic treatment (retreatment, continuation or

outcomes

referred) or patients with on-going/incomplete orthodontic

1–3

and it has been used widely in orthodontic

board examinations and assessments.

treatment. The inclusion criteria for the final treatment

The final treatment outcomes depend largely on the

outcomes analysis were patients who have completed

technical skills of the operator but may be influenced by

fixed orthodontic treatment in the clinic with complete

several other patient and treatment factors. Understanding

treatment records. The appliances and orthodontic

the possible influencing factors that affect the final

biomechanism used in the study subjects were fixed

treatment outcome helps practitioners to provide

appliance straight wire system with 0.022 slot size used

treatment with more predictable outcomes. This study

with Roth and MBT prescriptions for conventional

was carried out to evaluate the orthodontic treatment

(Mini Master® American Orthodontics and OmniArch®

outcomes provided in the university clinic using the Peer

Dentsply GAC) and self-ligation (Empower® American

Assessment Rating (PAR), as well as to determine any

Orthodontics and InOvation® Dentsply GAC) brackets.

associations between the factors studied and the treatment

Research Instruments:

outcomes. Over the years, multiple studies were carried
out to identify the orthodontic treatment outcomes and
factors associated.

4-10

Age at start of treatment, gender,

• Dental records keeping software, Open Dental
13

Software

• Study models and the Peer Assessment Rating (PAR)

duration of treatment, types of orthodontic appliance

The PAR was measured objectively with a PAR ruler

used as well as treatment with or without extraction,

(manufactured by the University Victoria of Manchester),

were some of the factors investigated. Decayed, missing,

specifically designed and calibrated for the measurement

filled teeth (DMFT) is a predisposing factor for occlusal

of PAR. It consists of five components: buccal occlusion

discrepancies

and may lead to higher pre-treatment

measured in three planes, anterior alignment, overjet,

PAR scores, thereby affecting the final orthodontic

overbite and midline discrepancy. These components

treatment outcomes.

provide summarized data about the malocclusion, and

11,12

The factors studied were age at the start of treatment,

give a quantitative numeric value between zero, which

gender, DMFT, Angle’s classification of malocclusion,

corresponds to ideal occlusion and any value more than

types of appliance used and presence of extractions during

zero which corresponds to the severity of malocclusion.

the orthodontic treatment.

The difference between the PAR scores reflects the degree
of improvement and therefore the success of the treatment.

MATERIALS AND METHODS
This is a retrospective study carried out on all
patients who have attended the university dental clinic for
orthodontic treatment from 2012 to 2017. The research
project number of the university is BDS I1-14(10)2017.
The exclusion criteria were patients who came
for consultation only without initiation of orthodontic
treatment, patients with treatment involving the use
Taiwanese Journal of Orthodontics. 2019, Vol. 31. No. 4
10.30036/TJO.201912_31(4).0001

Data collection
The database of all the patients who attended the
university dental clinic for orthodontic consultations was
accessed through the Open Dental Software. For all the
patients, relevant data namely: age at which treatment
was started, gender, DMFT, Angle’s classification of
malocclusion, types of orthodontic appliance used and
types of treatment whether it involved extractions or not,
were recorded in a data sheet. The pre-treatment PAR
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score and post-treatment PAR score was measured using

IBM SPSS Statistics version 25.0 (SPSS Inc., Chicago,

the pre-treatment and the post-treatment study models

IL, USA). The absolute difference and the percentage

respectively.

difference between the pre- and post-treatment PAR were

Intra-rater agreement
The investigator was trained by an orthodontist in
measuring the PAR. The intra-rater agreement of PAR
measurement was determined by a duplicate scoring of 20
pre-treatment casts and 20 post-treatment casts at a threemonth interval. Intra-rater agreement was determined
using the Bland and Altman test.
The average bias for the pre- and post-treatment
PAR were 0.2 and 0.05 respectively, as shown in Table
1. In the PAR index, the scores were graded as whole
numbers; since the discrepancy was less than one, it would
be considered insignificant. Besides, the narrow limits of
agreement allowed us to conclude that the two sets of data
collected at three-months interval for both pre- and posttreatment PAR were essentially equivalent. We observed
that the discrepancy seemed to happen more when the mean
PAR scores were higher; the linear regression coefficient
however has shown no proportional bias in the data.

Data analysis
All statistical tests were carried out using the

calculated. Frequency distribution of all the subjects was
first identified. Frequency distribution of malocclusion
types according to Angle’s Class I, II and III was
determined. The association between the factors studied
and the types of malocclusion was tested with the Pearson
Chi-square test.
Non-parametric test (Mann-Whitney U test and
Kruskal-Wallis H test) were applied to compare the
association between the factors studied and the severity of
malocclusion, which was expressed in “mean pre-treatment
PAR”. The treatment outcomes were categorized into three:
“worse or no difference” when there is less than 30% of
PAR scores reduction, “improved” when there is greater or
equal to 30% PAR scores reduction and “greatly improved”
2

when absolute PAR scores reduction is more than 22. A
nomogram was used to illustrate the proportions of subjects
in each category. The mean percentage of reduction of PAR
was also analyzed to determine if high standard of treatment
was achieved. Finally, the association with the treatment
outcomes, expressed in mean percentage reduction in PAR
was analyzed.

Table 1. Bland and Altman test comparing pre- and post-treatment PAR scores.

Pre-treatment
PAR scores

Post-treatment
PAR scores

Mean of difference of data collected at three-month
interval (average bias)

0.2

0.05

Standard deviation

0.894

0.394

p value for one-sample t-test

0.330

0.577

Upper limits of agreement (95% CI)

1.953

0.822

Lower limits of agreement (95% CI)

-1.553

-0.722

p value for linear regression coefficient

0.215

0.274

PAR, Peer Assessment Rating; CI, confidence interval.
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of whom age could not be assessed due to poor record-

RESULTS

keeping. The frequency distribution of Angle’s malocclusion

Records of all patients (178 subjects) who have

classification was determined according to the factors

attended to the clinic for orthodontic treatment were

recorded; 126 subjects were included (Table 3). The Angle’s

collected and distributed as shown in Table 2. A summary

malocclusion was not associated with any of the factors

of exclusion is shown in Figure 1, a total of 116 subjects

recorded as shown by the Pearson Chi-square tests.

were excluded along the study due to the reasons stated.

Of the 126 subjects, we collected 89 pre-treatment

The final sample size for the assessment of treatment

PAR scores for further analysis. Thirty-seven subjects

outcomes was 62.

were excluded due to the nature of their treatment as

Fifty-two subjects were first excluded from further

summarized in Figure 1 previously. Table 4 shows the

analysis due to the following reasons: 26 did not undergo

association between severity of malocclusion (measured

treatment, 19 had removable appliance treatment (14 of

in pre-treatment PAR scores) and the factors studied. Non-

whom were below twelve years old), five could not be

parametric tests were used, and the results show males

assessed for Angle's classification of malocclusion, two

have significantly more severe malocclusions. Besides,

Table 2. Frequency distribution of subjects by the factors studied: age, gender, decayed, missing and filled teeth,
malocclusion classifications, types of appliance and types of treatment.

Factors

Age

Gender
DMFT

Malocclusion

Types of
Appliance

Types of
Treatment

n
Below 12

14

8.0

12 to 21

111

63.1

Above 21

51

29.0

Female

118

66.3

Male

60

33.7

0

83

46.6

1 and above

95

53.4

Angle's Class I

116

67.1

Angle's Class II

35

20.2

Angle's Class III

22

12.7

Did not start treatment

26

14.6

Self-ligating

60

33.7

Conventional

73

41.0

Removable Appliance

19

10.7

Did not start treatment

26

14.6

Treatment with Extraction

97

54.5

Treatment without Extraction

55

30.9

Taiwanese Journal of Orthodontics. 2019, Vol. 31. No. 4
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Valid
Percentage
(%)

Total

176*

178
178

173 †

178

178
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Figure 1.	The flow diagram of patient selection showing initial data recorded, data excluded and reasons for exclusion.

Table 3. Distribution of Angle’s classification of malocclusion according to the factors recorded.

Angle’s Classification
of Malocclusion

Factors

Class II
(%)

Class III
(%)

12 to 21

71
(79.8%)

11
(12.4%)

7
(7.9%)

89
(100%)

Above 21

24
(64.8%)

8
(21.6%)

5
(13.5%)

37
(100%)

Female

65
(74.7%)

14
(16.1%)

8
(9.2%)

87
(100%)

Male

30
(76.9%)

5
(12.8%)

4
(10.3%)

39
(100%)

0

43
(79.6%)

7
(13.0%)

4
(7.4%)

54
(100%)

1 and above

52
(72.2%)

12
(16.7%)

8
(11.1%)

72
(100%)

Self-ligating

45
(80.4%)

6
(10.7%)

5
(8.9%)

56
(100%)

Conventional

50
(71.4%)

13
(18.6%)

7
(10.0%)

70
(100%)

Treatment with Extraction

67
(72.8%)

17
(18.5%)

8
(8.7%)

92
(100%)

Treatment without Extraction

28
(82.4%)

2
(5.9%)

4
(11.8%)

34
(100%)

95
(75.4%)

19
(15.1%)

12
(9.5%)

126
(100%)

Age

Gender

DMFT

Types of
Appliance

Types of
Treatment

Total

200

Total

Class I
(%)

p value

0.209

0.887

0.622

0.440

0.206
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Table 4. The statistical analysis of association between the severity of malocclusion (measured in mean pre-treatment
PAR) and the factors studied.

n

Mean
pre-treatment
PAR score

12 to 21

66

34.8 ± 11.0

Above 21

23

33.0 ± 11.2

Female

62

32.3 ± 10.1

Male

27

39.0 ± 11.7

0

38

33.8 ± 10.6

1 and above

51

34.7 ± 11.4

Angle's Class I

72

33.0 ± 11.0

Angle's Class II

12

40.7 ± 9.8

Angle's Class III

6

37.0 ± 10.4

Types of
Appliance

Self-ligating

42

36.5 ± 10.6

Conventional

47

32.3 ± 11.1

Types of
Treatment

Types of Treatment

69

35.9 ± 10.9

Treatment without Extraction

20

28.9 ± 9.7

Factors

Age
Gender
DMFT

Malocclusion

p-value

0.636
0.005†
0.718

0.110

0.086
0.014*

a more severe malocclusion was significantly related to

associated with the orthodontic treatment outcomes

orthodontic treatments which involved extractions. The

measured in percentage difference in PAR scores using

mean pre-treatment PAR score obtained from the 89

the Mann-Whitney U test for all factors except for Angle’s

subjects was 34.3.

classification of malocclusion which Kruskal-Wallis H

Out of the 89 pre-treatment study models, only 62

test was used. The use of self-ligating appliances was the

were completed with post-treatment study models. The

only factor which was significantly associated with better

remaining 27 subjects did not have their fixed orthodontic

treatment outcomes.

treatment completed at the time of data collection. Figure

Multiple linear regression was adopted to explain

2 illustrates the distribution of the 62 subjects according

the variance in percentage difference of PAR scores, an

to the degree of improvement based on “worse or no

indicator for treatment outcome. Of all the independent

difference”, “improved” and “greatly improved”. All

variables introduced, the presence of DMFT and type

subjects showed improvement, of which 69.4% were in

of appliance used were the two variables that were

the “greatly improved” category. We obtained a mean

statistically significantly associated with the percentage

post-treatment PAR score and mean PAR score reduction

difference in PAR scores. The results of the regression are

of 5.1 and 84.4% respectively among the 62 subjects.

shown in Table 6.

Table 5 shows the statistical analysis of factors
Taiwanese Journal of Orthodontics. 2019, Vol. 31. No. 4
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Figure 2.	Nomogram showing treatment outcomes of fixed orthodontic treatment based on three categories:
“worse or no difference”, “improved” or “greatly improved”

Table 5. The statistical analysis of association between the percentage of PAR difference and the factors studied.

n

Mean percentage
difference in PAR

12 to 21

51

85.8 ± 9.2

Above 21

11

78.0 ± 16.1

Female

44

84.3 ± 11.7

Male

18

84.7 ± 9.2

0

30

87.2 ± 7.4

1 and above

32

81.8 ± 13.1

Angle's Class I

50

83.8 ± 11.7

Angle's Class II

9

85.8 ± 7.2

Angle's Class III

3

90.9 ± 4.5

Types of
Appliance

Self-ligating

23

89.2 ± 4.9

Conventional

39

81.6 ± 12.5

Types of
Treatment

Types of Treatment

45

85.7 ± 9.0

Treatment without Extraction

17

80.9 ± 14.8

Factors
Age
Gender
DMFT

Malocclusion

202

p-value

0.145
0.951
0.079

0.442

0.003*
0.312
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Table 6. Multiple linear regression summary results of predicting the orthodontic treatment outcomes in terms of
percentage improvement in PAR.

Standardized
Coefficients

Unstandardized
Coefficients

t

Sig.

10.846

0.000

B

Std. Error

126.647

11.676

Age
(12 to 18 or above 18)

-5.385

3.388

-0.189

-1.590

0.118

Gender
(Female or male)

-2.851

2.943

-0.119

-.969

0.337

DMFT
(Presence of DMFT)

-6.211

2.790

-0.285

-2.226

0.030*

Malocclusion
(Angle’s molar classification)

0.874

2.449

0.042

0.357

0.723

Types of appliance
(self-ligating or conventional)

-7.975

2.803

-0.354

-2.845

0.006*

Types of treatment
(with or without extraction)

-4.321

3.057

-0.177

-1.413

0.163

(Constant)

Beta

the criteria required of the high standard rating: 100%

DISCUSSION

of the subjects have shown improvement and the mean

This study was conducted to evaluate the fixed

percentage difference in PAR scores was 84.4%. Many

orthodontic treatment outcomes in a University dental

studies were conducted with mean percentage reduction of

clinic using the PAR Index and determine the factors

PAR ranging from 50% to 92%.

associated with the treatment outcomes. We also

of the results among these studies can be attributed to the

investigated the factors associated with the severity of

use of various treatment modalities. We thereby conclude

malocclusion, reported as pre-treatment PAR scores.

that high standard of treatment was achieved.

One key finding in our study was higher pretreatment PAR scores found in males and cases treated
with extractions; and cases treated with self-ligating
appliance were significantly associated with better
treatment outcomes. The other factors studied: age,
gender, DMFT, malocclusion types and treatment types
(extraction or non-extraction) were not significantly
associated with orthodontic treatment outcomes.

The difference

Factors associated with severity of malocclusion
and treatment outcomes
In our study, age at which treatment was started
was associated with neither the severity of malocclusion
nor the treatment outcomes. This was comparable to the
results reported by Turbill et al which concluded that
age of patients had no significant effects on treatment
7

outcomes. 81% of the subjects in our study were below
the age of 21 and a reasonable PAR change was expected.

Treatment outcomes
According to the general classification criteria of
the index, to be considered a high standard of treatment,
the mean percentage difference in PAR scores of the
subjects should be higher than 70%, and negligible cases
2

with worse or no improvement. Our results clearly met
Taiwanese Journal of Orthodontics. 2019, Vol. 31. No. 4
10.30036/TJO.201912_31(4).0001

3,4,6,7,9,14-16

However, less PAR change should be expected in higher
age groups possibly due to limited treatment aims in some
adults, for example pre-prosthetic corrections, instead of
4

correcting malocclusion.

Males were found to have significantly higher pre-
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treatment PAR than females and this is comparable to

in the treatment outcomes between conventional

the results obtained by Essam et al. This could be due

appliances and self-ligating appliances. Anand et al.

to males seeking orthodontic treatment only when the

reported better treatment outcomes with the use of

malocclusion is more severe. It could also be due to Asian

conventional appliances. However, in this study, the use

males’ psychological perceptions where they are generally

of self-ligating appliances was shown to be associated

less concerned about aesthetics as compared to females.

with better treatment outcomes, measured by higher

5

However, multiple studies have found no difference in

percentage reduction in PAR scores. The discrepancies

4,9,10

may be due to the reasons for choice of appliance such

between genders. Firestone et al. on the other hand

as the orthodontists’ preferences or patient presentation.

severity of malocclusion,

3,4,18

23

or treatment outcomes
6

reported that females had better treatment outcomes, but
the reason for such observation was unclear.
Dental caries and premature loss of primary teeth
are predisposing factors for occlusal and space anomalies
19

in the permanent dentition. Two studies had found no
positive correlation between prevalence of caries and
12,20

malocclusion.

However, Mtaya et al. reported children

between 12 to 14 years old with experience of caries
were almost twice more likely to have malocclusion, and
more likely to be diagnosed with an Angle Class II or III
11

than children without caries. This relationship can be
explained by the incidence of untreated proximal caries
or early loss of primary molars leading to forward drift
of the first permanent molars, ultimately changing the
molar relationship. In our study, DMFT did not affect the
severity or treatment outcomes. DMFT score increases as
age increases, and a prospective study can throw light on
a possible association. However, DMFT also relates to the
dental status and access to dental care. Almost half of the
subjects studied have zero DMFT. This may be because
most of the subjects were students in a private healthcare
university, which may imply that they may have had better
access and oral health awareness.
There was no difference in treatment outcomes
among the types of malocclusions. This result was
consistent with the results published by Ahmad et al.,

9

In light of many randomized clinical trials concluding
no benefit of self-ligating over conventional,

21,22,24-26

the

findings from the present study is interesting bearing
in mind the possible bias in patient selection by the
orthodontist.
The significant association between high pretreatment PAR scores with extractions was consistent with
6

Firestone et al. Although incorporating extractions into
orthodontic treatment has been a controversial subject for
over a century, modern orthodontics generally includes
extractions as one of the treatment approaches to gain
space for arch alignment. Severe malocclusions such as
severe crowding, impactions arguably increase the need
for extractions to relieve the malocclusion. However, there
was no difference in the outcomes between treatment with
and without extractions, comparable to the data obtained
by multiple studies.

4,9,10

When fixed appliances are used,

there is a prospect of achieving good results both with and
without extractions.
The regression analysis shows that both DMFT and
the types of appliance used were significant predictors
of the orthodontic treatment outcomes and the variables
were independent of each other. In this study, the DMFT
scores however did not show significance in influencing
the treatment outcomes.

Limitations of the study

which reported insignificant difference in percentage

The PAR Index places a larger weightage on amount

reduction in the PAR scores among the three groups of

of overjet, which cause the index to be extremely sensitive

Angle's malocclusions.

to any malocclusion with increased overjet. Hence,

21

22

DiBiase et al. and Chen et al. found no difference

204
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present with great improvement after the alignment of

2. Richmond S, Shaw WC, Roberts CT AM. The

the upper incisors, without considering other esthetic and

PAR Index (Peer Assessment Rating): methods

functional benefits from the orthodontic treatment.

to determine outcome of orthodontic treatment in

Another limitation was that the errors in recordkeeping contributed to the errors in data collection as

terms of improvement and standards. Eur J Orthod.
1992;14(3):180–7.

well as reduced sample size. In our study, we assumed

3. Dyken RA, Sadowsky P, Hurst D. Orthodontic

that DMFT scores were recorded correctly without bias

outcomes assessment using the peer assessment rating

during the consultations. Being a retrospective study,

index. Angle Orthod. 2001;71(3):164–9.

it was impossible to reconfirm the scores as the data

4. Birkeland K, Furevik J, Bøe OE, Wisth PJ. Evaluation

was obtained solely from the electronic record-keeping

of treatment and post-treatment changes by the PAR

software utilized in the study sites.

Index. Eur J Orthod. 1997;19(3):279–88.
5. E s s a m A , A n n e M M A . O c c l u s a l O u t c o m e s

CONCLUSION
Males demonstrated more severe malocclusion than
females, and subjects with more severe malocclusion were
associated with the use of fixed appliance with extraction
of teeth. The use of self-ligating appliances appeared to
result in better treatment outcomes than conventional
appliance, but prospective studies should be carried out to
conclude such association. The other factors studied did
not affect the treatment outcomes. All patients experienced
improvement in PAR, with mean percentage difference
in PAR being 84.4%; a high standard of treatment was
achieved.
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